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Summary Purpose: Studies investigating nonverbal memory functioning following
right anterior temporal lobectomy (RATL) in patients with intractable temporal lobe
epilepsy have resulted in conﬂicting ﬁndings, as nonverbal memory deﬁcits have been
reported for some, but not all patients. To examine the association between nonver-
bal memory deﬁcits and RATL, the present study employed meta-analytic principles in
a quantitative review of the literature. Methods: Thirteen studies, reporting pre- and
postoperative nonverbal memory performance for a total of 324 RATL patients, were
identiﬁed. Effect sizes were calculated to measure the extent of nonverbal memory
deﬁcit in patients following RATL. Additionally, effect sizes for primary studies com-
prising a common dependent variable were combined using standard meta-analytic
procedures. Results: Of the 22 dependent variables utilized to assess nonverbal mem-
ory, 14 indicated postoperative declines in functioning while 8 demonstrated postop-
erative improvements in performance. All resultant effect sizes were relatively small.
Mean effect sizes calculated for dependent variables used in multiple studies iden-
tiﬁed the Warrington Recognition Memory Test for Faces as the only nonverbal mem-
ory measure which produced consistent results. Conclusions: Overall, the collective
ﬁndings demonstrate the inability of the current research to provide any consistent
evidence as to the nature of nonverbal memory outcome following RATL. Problems
with nonverbal memory measures are discussed and suggestions for future research
are proposed.
© 2003 BEA Trading Ltd. Published by Elsevier Ltd. All rights reserved.
Introduction
Refractory temporal lobe epilepsy (TLE) is charac-
terized by persistent seizures and/or antiepilep-
tic drug side effects that signiﬁcantly impair a
patient’s quality of life.1 Patients with TLE typ-
ically undergo a combination of diagnostic and
localizing procedures for the purpose of identi-
*Tel.: +1-416-736-5115.
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fying the epileptogenic focus. Such procedures
include EEG monitoring techniques, neuroimag-
ing, the intracarotid amobarbital procedure (IAP),
extraoperative or intraoperative functional map-
ping, and neuropsychological assessment.2 Once
the epileptogenic focus has been identiﬁed, and if
all other treatment avenues have been explored,
the patient with TLE may choose to undergo an
anterior temporal lobectomy (ATL) in the hopes of
alleviating their chronic, debilitating symptoms.
ATL involves the resection, either in whole or
in part, of some unilateral combination of the
1059-1311/$30 — see front matter © 2003 BEA Trading Ltd. Published by Elsevier Ltd. All rights reserved.
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anterior temporal lobe, hippocampus, parahip-
pocampal gyrus, uncus, and amygdala.1,3 Although
this procedure has demonstrated a greater than or
equal to 70% success rate in eliminating seizures or
signiﬁcantly reducing their frequency, the patient
contemplating ATL must consider the potential risks
associated with this form of treatment.2,3 While
the majority of cognitive abilities remain stable
following ATL,4—6 and profound amnestic disorders
result infrequently, signiﬁcant morbidity in episodic
memory is a potential consequence associated with
this surgery.7 Since the areas to be resected (i.e.
the hippocampus and adjacent anatomically re-
lated mesial temporal lobe structures) are involved
in the acquisition, temporary storage, and retrieval
of explicit memory for facts and events, it follows
that severe problems in memory may result.
Current investigators of the neuropsychological
effects of ATL strive to explicate the role of the
mesial temporal lobe in the distributed neural net-
work for memory so that a more accurate estima-
tion of the risks and beneﬁts associated with this
surgery may be presented to the patient with in-
tractable TLE.8,9 Extensive research of the associa-
tion between speciﬁc brain structures and memory
functioning has been conducted, and a large num-
ber of studies have demonstrated material-speciﬁc
declines in memory function that vary with the side
of surgery following ATL.10
The material-speciﬁc model of human memory
maintains that the dominant hemisphere is spe-
cialized for the learning and recall of verbal in-
formation whereas the nondominant hemisphere is
specialized for the learning and recall of nonver-
bal information.5,11 Indeed, studies investigating
preoperative patients with unilateral temporal
lobe lesions indicate that deﬁcits in verbal mem-
ory are typically associated with a seizure onset
from the left temporal lobe while impairments
in nonverbal memory are interpreted as a conse-
quence of seizure onset from the right temporal
lobe.12,13 Similarly, postoperative investigations
have found that patients with intractable TLE who
undergo dominant temporal lobectomies demon-
strate impairment on verbal memory tasks such as
the Logical Memory subtest of the Wechsler Mem-
ory Scale (see, for example,14—16), while patients
who undergo nondominant temporal lobectomies
demonstrate impairment on memory tasks such as
visual learning tests involving nonverbal material
(see, for example,17).
However, there are conﬂicting ﬁndings with re-
spect to nonverbal memory functioning following
nondominant ATL, as deﬁcits within this domain
have not been consistently reported. For example,
Martin et al.18 investigated the association be-
tween 1H magnetic resonance spectroscopic imag-
ing (MRSI)-detected neurochemical status of the
left and right hippocampus to neuropsychological
measures in patients with mesial TLE. Although sig-
niﬁcant associations were found betweenmetabolic
markers of left hippocampal neuronal integrity and
verbal memory measures, no signiﬁcant correla-
tions between right hippocampal status and the
Visual Reproduction (VR) subtest of the Wechsler
Memory Scales immediate or percent recall scores
were found. In fact, at least ﬁve other studies have
failed to ﬁnd an association between the VR and
right hippocampal status following right ATL.19—23
Yet, Saykin et al.24 reported results of 32 right ATL
patients who demonstrated postoperative decline
in nonverbal memory using the VR.
Other studies have found that right ATL patients
demonstrate an impairment in memory for faces25
and melodies26 when tested postoperatively. Fur-
ther, an association between right TLE and visual
learning, but not delayedmemory, has been demon-
strated in post-surgery patients using an analogue
of the Rey Auditory Verbal Learning Test, the Visual
Spatial Learning Test.23 Pigott andMilner27 reported
that postoperative right temporal lobectomy pa-
tients demonstrated deﬁcits in memory for ﬁgura-
tive details; yet, studies utilizing the Rey-Osterrieth
Complex Figure have failed to ﬁnd a consistent as-
sociation with right hippocampal status.22,28
A meta-analysis29 conducted to determine the
effect of ATL on verbal and nonverbal memory
resulted in an extremely small and nonsigniﬁ-
cant effect size for the difference between pre-
and postoperative nonverbal memory functioning
following right ATL (VR Immediate = 0.09, VR
Delayed = 0.19). However, the inclusion criteria of
this analysis restricted nonverbal memory studies
to those using the VR subtest. Consequently, only
four studies were identiﬁed from which delayed
recall data could be garnered, thereby limiting
the extent to which these ﬁndings could provide
an overall evaluation of the effect of right ATL on
nonverbal memory.
The conﬂicting ﬁndings of selective nonverbal
memory deﬁcits in patients who have undergone
right ATL are perplexing and contradict the mater-
ial-speciﬁc model of memory. Consequently, there
is no clear indication as to the nature of and the
extent to which patients undergoing right ATL will
experience nonverbal memory deﬁcits postopera-
tively. A cursory review of the literature indicates
that the inconsistent ﬁndings in nonverbal memory
functioning following right ATL may, in part, be at-
tributable to disparities within the research itself.
That is, there is a great deal of variability among
the different research studies being conducted.
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To address this issue and to provide a better
understanding of the association between nonver-
bal memory deﬁcits and right ATL, a quantitative
review of the literature is proposed. By utilizing
meta-analytic principles, a quantitative synthesis
of the literature will be conducted to examine the
extent to which nonverbal memory deﬁcits result
in patients who undergo RATL.
Methods
Effect sizes and meta-analysis
Meta-analysis constitutes a method for objec-
tive research integration in which experimental
studies investigating nonverbal memory outcome
following RATL can be reviewed and compared
quantitatively.30—32 By providing a statistical tool
for the analysis of magnitude (i.e. effect size d),
meta-analysis resolves many of the problems asso-
ciated with traditional literature reviews.32 Math-
ematically, d represents the difference between
postoperative outcome means and preoperative
outcome means calibrated in pooled standard de-
viation units.33 Thus, the effect size estimate d
provides a measure of the degree to which a non-
verbal memory deﬁcit is evident in a sample of pa-
tients following RATL. In the present investigation,
the index d was used to validly compare ﬁndings
among eligible research studies. Additionally, cal-
culated effect sizes for primary studies comprising
a common dependent variable were combined us-
ing standard meta-analytic procedures.32 Cohen’s
guidelines were used for qualifying the effect sizes
given the recommendation put forth by Bezeau and
Graves34 regarding the use of effect sizes in clinical
neuropsychology research.
Literature search
The individual manual journal technique was uti-
lized to identify relevant papers that may not have
been within a computerized database’s typical
purview. This approach was adopted in an attempt
to decrease the possibility that bias was involved
in the search outcome (see35). Thus, an initial
search for articles meeting the inclusion criteria
was undertaken manually by perusing the volumes
of pertinent journals for the years 1992—2002.
This was done with every issue for the following
journals: Annals of Neurology; Archives of Clinical
Neuropsychology; Archives of Neurology; Brain and
Cognition; Brain and Language; The Clinical Neu-
ropsychologist; Epilepsia; Epilepsy and Behaviour;
Epilepsy Research; The Journal of Clinical and Ex-
perimental Neuropsychology; The Journal of Neu-
rology, Neurosurgery, and Psychiatry; The Journal
of the International Neuropsychological Society;
Neurology, Neuropsychiatry, Neuropsychology, and
Behavioral Neurology; Neuropsychologia; Neu-
ropsychology; Neuropsychology Review.
Further, to ensure that a relevant paper that
was not published among the selection of per-
tinent journals is identiﬁed and included in the
review, the Medline and PsychInfo computerized
databases were utilized. The key words used in
the search strategy were ‘‘Epilepsy’’, ‘‘Memory’’,
and ‘‘Temporal’’. The articles located by the com-
puter search were limited to published English
language articles. Articles were obtained at three
large Canadian University libraries and through
interlibrary loan.
Criteria for inclusion
Articles were included if they met the following cri-
teria: (1) publication between 1992 and 2002; (2)
research designs comprising patients with left cere-
bral dominance for language, as determined by the
IAP; (3) research designs comprising TLE patients
who had a resection from the ATL or surgical re-
moval/excision of temporal structures as a primary
surgical procedure; (4) articles providing data from
nonverbal memory tasks assessing both pre- and
postoperative functioning; (5) study statistics con-
vertible to effect size d (e.g. means, standard de-
viations, F, t; see32).
The relevant content variable(s) from research
articles meeting the inclusion criteria were ex-
tracted and included in the meta-analyses. Several
dependent variables included in the review are de-
rived from only one study and, therefore, did not
meet the requirements for a meta-analysis. How-
ever, such variables were included in the resultant
summary table in order to present the magnitude
(i.e. the effect size) of the ﬁnding as well as provide
an inventory of test variables used in RATL research.
The d statistic33 was calculated as the differ-
ence between postoperative nonverbal memory
performance and preoperative nonverbal memory
performance normalized by the pooled standard
deviation. Means and standard deviations were
used to derive effects. However, for studies re-
porting only inferential statistics, the effects were
calculated based on formulas provided by Wolf.32
Results
Thirteen studies published between 1992 and
2002 met the inclusion criteria in the present
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investigation. In four of these studies, pre- and
postoperative nonverbal memory performance
scores were reported for RATL patients who were
further subdivided according to either: (1) pre-
operative neuroimaging ﬁndings;36 (2) the ex-
tent of surgical resection;37 or (3) postoperative
histopathological ﬁndings.38,39 Thus, the resultant
13 studies yielded a total of 17 RATL patient sam-
ples, as each of the four aforementioned studies
reported results for two different subgroups of pa-
tients. In total, pre- and postoperative nonverbal
memory test results from 324 RATL patients were
recorded across meta-analyses.
Table 1 presents the demographic and clinical
variable data reported within the identiﬁed studies
from the published literature. The assessment pe-
riod (i.e. the time between pre- and postoperative
assessments) was not consistently reported among
the articles. Of the papers that did record informa-
Table 2 Effect size results in rank order.
Neuropsychological test Nd Md S.D.d 95% CI Min.d Max.d
Cronholm—Molander Memory Test delayed
recognition
1 −0.43 — — −0.43 −0.43
Benton Visual Retention Test: Number Correct 2 −0.41 0.41 −4.07—3.26 −0.12 −0.70
Recurring Figures Test 1 −0.36 — — −0.36 −0.36
Warrington Recognition Memory Test for Faces 2 −0.31 0.01 −0.39—0.23 −0.30 −0.32
WMS-R Visual Reproduction Delayed Recall
(percent retention)
1 −0.31 — — −0.31 −0.31
WMS-R Visual Reproduction Delayed Recall 1 −0.29 — — −0.29 −0.29
WMS Visual Reproduction Delayed Recall
(percent retention)
1 −0.20 — — −0.20 −0.20
WMS Visual Reproduction Delayed Recall 6 −0.17 0.34 −0.52—0.19 −0.71 0.18
Graduate Hospital Facial Memory Test 1 −0.14 — — −0.14 −0.14
AMIPB Figure Recall (percent retention) 1 −0.10 — — −0.10 −0.10
Cronholm—Molander Memory Test Immediate
Recognition
1 −0.10 — — −0.10 −0.10
WMS-R Visual Reproduction Immediate Recall 2 −0.06 0.13 −1.22—1.11 −0.15 0.04
Rey-Osterrieth Complex Figure Delayed Recall
(percent retention)
2 −0.05 0.01 −0.10—0.01 −0.04 −0.05
WMS Visual Reproduction Immediate Recall 5 −0.01 0.12 −0.16—0.14 −0.20 0.11
VSLT Delayed Recall (percent retention) 1 0.01 — — 0.01 0.01
AMIPB Design Learning 1 0.08 — — 0.08 0.08
Rey-Osterrieth Complex Figure Delayed Recall 6 0.10 0.31 −0.22—0.43 −0.18 0.66
DCS-R Learning Capacity 2 0.12 0.20 −1.71—1.95 −0.03 0.26
AMIPB Figure Recall Delayed 1 0.18 — — 0.18 0.18
Benton Visual Retention Test Number of Errors 2 0.31 0.24 −1.86—2.47 0.14 0.48
DCS-R Recognition 2 0.32 0.27 −2.10—2.73 0.13 0.51
AMIPB Figure Recall Immediate 1 0.42 — — 0.42 0.42
Note. Nd, number of effect sizes; Md, mean effect size; S.D.d, standard deviation around the effect size; Min.d,
smallest effect size obtained; Max.d, largest effect size obtained. Negative effect sizes indicate a decline in
performance postoperatively.
AMIPB, Adult Memory and Information Processing Battery stimuli: abstract designs; Cronholm—Molander Memory
Test stimuli: line drawings of familiar objects; DCS-R stimuli: abstract designs; Recurring Figures Test stimuli:
abstract designs; VSLT, Visual-Spatial Analogue of the AVLT stimuli: abstract designs.
Table 1 Descriptive statistics.
Variables M S.D. Range N
Sample size 19 9.6 8/42 17
Age at surgery 32 3.1 27/37 16
Onset age 13 3.3 6/18 16
Duration of illness (years) 18.8 3.1 14/25 11
Education (years) 12.2 1.4 9/14 10
Percentage of males 54 14.0 33/85 14
Note. N, number of samples in which the variable was
reported.
tion on this clinical variable, the assessments were
conducted within a 2-year time period.
Effect size summaries are presented in rank or-
der for speciﬁc nonverbal memory test variables in
Table 2. Mean d represents the raw effect sizes.33
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Effect sizes are reported along with the correspond-
ing standard deviation, the minimum and maximum
obtained effect sizes for the variable, the 95% con-
ﬁdence interval for the average effect size, and the
number of effect sizes the mean d was based on. A
negative effect size indicates a decline in nonverbal
memory performance postoperatively (i.e. postop-
erative scores are lower than preoperative scores).
Of the 22 dependent variables reported in the
primary studies, 14 indicated postoperative nonver-
bal memory decline for RATL patients (reﬂected by
a negative d) while 8 indicated postoperative im-
provements in nonverbal memory functioning. All
resultant effect sizes were small, indicating that
any change postoperatively, in either direction, was
relatively small in nature. The Cronholm—Molander
Memory Test delayed recall measure produced the
largest effect size reﬂecting a postoperative de-
cline in performance (d = −0.43) while the AMIPB
Figure Immediate Recall measure produced a com-
parable result in the opposite direction, indicat-
ing postoperative nonverbal memory improvement
(d = 0.42).
Among the dependent variables for which mean
effect sizes could be calculated, the Warrington
Recognition Memory Test for Faces was the only
nonverbal memory measure which resulted in an
average effect size with a conﬁdence interval that
did not encompass zero (d = −0.31, CI = −0.23 to
−0.39). For all other dependent variables, the re-
sultant conﬁdence intervals were inclusive of zero,
a ﬁnding which indicates that the calculated aver-
age effect size could have a value of zero as well.
Within the context of the present investigation,
an effect size of zero means that there was no
change in nonverbal memory functioning postoper-
atively. Therefore, the ﬁndings for the remaining
dependent variables are weak and unreliable given
the likelihood that a zero effect could have eas-
ily resulted. Collectively, the results provide little
consistent evidence as to the nature of nonverbal
memory outcome following RATL.
Discussion
The purpose of the present investigation was to
provide a quantitative synthesis of the research lit-
erature examining nonverbal memory outcome fol-
lowing right ATL. The results of the review illustrate
the inability of the research presently conducted
in this area to adequately elucidate the effect of
right ATL on nonverbal memory functioning.
An analysis of the particular dependent vari-
ables used to assess nonverbal memory perfor-
mance in right ATL patients produced conﬂicting
results. While some measures identiﬁed postop-
erative decreases in nonverbal memory function-
ing (Cronholm—Molander Memory Test; Recurring
Figures Test; Warrington Recognition Memory Test
for Faces; WMS-R VR: Delayed Recall, Percent Re-
tention; WMS VR: Percent Retention; Graduate
Hospital Facial Memory Test; Adult Memory and
Information Processing Battery (AMIPB): Percent
Retention), other tests demonstrated an improve-
ment in performance following surgical treatment
(Visual Spatial Analogue of the Rey Auditory Verbal
Learning Test; AMIPB: Design Learning, Delayed
Recall, Immediate Recall). Further, discordant
ﬁndings also emerged among different studies
which used the same dependent measure to assess
outcome (Benton Visual Retention Test: Number
Correct, Number of Errors; WMS-R VR: Immediate
Recall, WMS VR: Immediate Recall, Delayed Recall;
Rey-Osterrieth: Delayed Recall, Percent Retention;
DCS-R: Recognition, Learning Capacity).
Only one of the dependent variables that were
combined across multiple studies yielded a conﬁ-
dence interval that did not encompass zero, the
Warrington Recognition Memory Test for Faces.
Given the research linking higher level object
recognition processing to the activation of the
fusiform gyrus (see, for example,40), this isolated
ﬁnding may indicate that other, more inferior, areas
of the brain may be adversely affected by the RATL
procedure. Further research is warranted to inves-
tigate this possibility further. Overall, however, the
results from the remaining combined dependent
variables indicate the lack of a pronounced effect,
in either direction, among these nonverbal memory
measures.
Given the material-speciﬁc model of human
memory, it is perplexing that the results of non-
verbal memory outcome following right ATL are
so heterogeneous while the research investigating
verbal memory outcome and left ATL continues
to yield relatively consistent results. One possi-
ble explanation for the discrepant ﬁndings is that
the measures utilized may not adequately assess
nonverbal memory functioning in this population
of patients. Examination of the tests used among
the primary studies indicates that the Visual Re-
production subtest of the Wechsler Memory Scale
(WMS-VR) and the Rey-Osterrieth Complex Figure
Task (ROCFT) were employed most frequently by
researchers. However, many studies have failed to
demonstrate that the WMS-VR actually lateralizes
right hemisphere impairment (see41) or is even
associated with hippocampal status (HS) follow-
ing right ATL.18—21 Similarly, studies utilizing the
ROCFT have failed to ﬁnd an association between
this memory measure and right HS status in TLE
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patients.28 In fact, a study investigating over 300
epilepsy surgery candidates with unilateral left or
right foci failed to identify any group differences
on the ROCFT or WMS-VR measures.42
It has been suggested by numerous researchers
that the test stimuli used to assess nonverbal mem-
ory may not be adequately sensitive to right hip-
pocampal damage because of their susceptibility to
verbal encoding.43,44 Thus, the inconsistent ﬁnd-
ings regarding the association between hippocam-
pal pathology, right ATL, and nonverbal memory
may reﬂect an intrinsic problem with the memory
measures used in the assessment.
To address this, some researchers have adopted
more novel methods for assessing nonverbal mem-
ory and these investigations have produced more
positive results. For example, novel tasks as-
sessing spatial memory45,46 and the memory for
music47,48 have demonstrated sensitivity to right
mesial temporal lobe structures. Given that all of
the dependent measures examined in the present
investigation assessed either purely ‘‘visual’’ or
‘‘visuaspatial memory’’, it is suggested that future
research investigating right ATL outcome should
attempt to incorporate measures assessing these
other forms of nonverbal memory.
Additionally, it has been argued that measures
assessing nonverbal memory are intrinsically more
difﬁcult than their verbal memory counterparts.
Consequently, the nonverbal memorymeasures may
be more sensitive to non-material-speciﬁc compo-
nents, resulting in the discordant ﬁndings which are
so prevalent in the literature.42,43 For example,
ﬁgural recall measures involving reproduction re-
quire intact motor and higher-level constructional
ability. Impairments in either of these domains
could conceivably confound the results and lead to
an erroneous conclusion regarding nonverbal mem-
ory functioning. Among the studies reviewed, most
did not report information regarding other domains
of neuropsychological functioning. Therefore, it is
possible that other factors may have affected the
results of the nonverbal memory measures utilized.
Clearly, the results from this quantitative review
are limited by the small number of studies meet-
ing the criteria for inclusion. A number of published
studies that assessed right ATL nonverbal memory
outcome included patients with bilateral cerebral
language dominance or failed to explicitly report
that language was lateralized to the left in their
sample of patients. In addition, some studies re-
ported results for both the RTLE and LTLE groups
combined, rather than as separate groups, and still
others presented data that could not be converted
into effect sizes (e.g. change scores). Such studies
had to be excluded from the present analysis and
consequently limited the number of available arti-
cles which could be reviewed quantitatively.
It is suggested that future research incorpo-
rate protocols which are more uniﬁed, thereby
facilitating more meaningful comparisons of the
ﬁndings. Given the limitations encountered in
this meta-analytic investigation, it might prove
beneﬁcial if future studies were to include more
homogeneous groups with respect to language
lateralization and surgery side. Additionally, the
reporting of data in a manner which would allow
for the conversion to effect sizes would facili-
tate future meta-analytic investigations. Finally,
given the inadequacies associated with the mem-
ory measures used in the primary studies reviewed
here, it is suggested that researchers explore other
methods for assessing nonverbal memory so that
the nature of right ATL memory outcome might be
more clearly elucidated.
Acknowledgements
Thanks to Professors Robert Cribbie and Susan
Murtha for their insightful comments and assistance
in preparing this paper.
References
*Studies included in meta-analysis
1. Bell BD, Davies KG. Anterior temporal lobectomy, hippocam-
pal sclerosis, and memory: recent neuropsychological ﬁnd-
ings. Neuropsychol Rev 1998;8:25—41.
2. Dolske MC, Chelune GJ, Naugle RI. Evaluation of patients
with epilepsy. In: Goldstein G, Nussbaum PD, Beers SR,
editors. Neuropsychology. New York: Plenum Press; 1998.
p. 271—93.
3. Naugle RI, Cullum CM, Bigler ED. Introduction to clinical
neuropsychology: a casebook. Texas: Pro-Ed; 1997.
4. Chelune GJ, Naugle RI, Luders H, Sedlak J, Awad IA. Indi-
vidual change after epilepsy surgery: practice effects and
base-rate information. Neuropsychology 1993;7:41—52.
*5. Phillips N, McGlone J. Grouped data do not tell the whole
story: individual analysis of cognitive change after temporal
lobectomy. J Clin Exp Neuropsychol:713—24.
*6. Seidenberg M, Hermann B, Wyler AR, Davies K, Dohan FC,
Leveroni C. Neuropsychological outcome following anterior
temporal lobectomy in patients with and without the syn-
drome of mesial temporal lobe epilepsy. Neuropsychology
1998;12:303—16.
7. Loring D, Meador K, Lee G. Effects of temporal lobectomy
on generative ﬂuency and other language functions. Arch
Clin Neuropsychol 1994;9:229—38.
8. Chelune GJ. Hippocampal adequacy versus functional re-
serve: predicting memory functions following temporal
lobectomy. Arch Clin Neuropsychol 1995;10:413—32.
9. Matthews C. The neuropsychology of epilepsy: an overview.
J Clin Exp Neuropsychol 1992;14:133—43.
452 S.A.M. Vaz
10. Squire LR, Butters N. Neuropsychology of memory, 2nd ed.
New York: Guilford Press; 1992.
11. Glosser G, Saykin A, Deutsch G, O’Connor M, Sperling M.
Neural organization of material-speciﬁc memory functions
in temporal lobe epilepsy patients as assessed by the intrac-
arotid amobarbital test. Neuropsychology 1995;9:449—56.
12. Chelune GJ, Naugle RI, Luders H, Awad IA. Prediction of
cognitive change as a function of preoperative ability sta-
tus among temporal lobectomy patients seen at 6-month
follow-up. Neurology 1991;41:399—404.
13. Hermann BP, Wyler AR, Somes G, Dohan FC, Berry AD,
Clement L. Declarative memory following anterior temporal
lobectomy in humans. Behav Neurosci 1993;108:3—10.
14. Helmstaedter C, Elger C. Cognitive consequences of
two-thirds anterior temporal lobectomy on verbal memory
in 144 patients: a three month follow-up study. Epilepsia
1996;37:171—80.
15. Hermann B, Seidenberg M, Haltiner A, Wyler A. Relationship
of age at onset. Epilepsia 1995;36:137—45.
16. Saling MM, Berkovic SF, O’Shea MF, Kalnins RM, Darby DG,
Bladin PF. Lateralisation of verbal memory and unilateral
hippocampal sclerosis: evidence of task speciﬁc effects. J
Clin Exp Neuropsychol 1993;15:608—18.
17. Helmstaedter C, Pohl C, Hufnagel A, Elger C. Visual learning
deﬁcits in non-resected patients with right temporal lobe
epilepsy. Cortex 1991;27:547—55.
18. Martin RC, Sawrie S, Hugg J, Gilliam F, Faught E, Kuzniecky
R. Cognitive correlates of 1H MRSI-detected hippocam-
pal abnormalities in temporal lobe epilepsy. Neurology
1999;53:2052—8.
19. Hermann B, Wyler A, Somes G, Berry A, Dohan FC. Patho-
logical status of the mesial temporal lobe predicts mem-
ory outcome from left anterior temporal lobectomy. Neu-
rosurgery 1992;31:652—7.
20. Martin RC, Hugg JW, Roth D, Bilir E, Gilliam F. MRI ex-
trahippocampal volumes and visual memory: correlations
independent of MRI hippocampal volumes in temporal lobe
epilepsy patients. J Int Neuropsychol Soc 1999;5:540—8.
21. Sass K, Sass A, Westerveld M. Speciﬁcity in the correlation
of verbal memory and hippocampal neuron loss: dissociation
of memory, language, and verbal intellectual ability. J Clin
Exp Neuropsychol 1992;14:662—72.
*22. Rausch R, Babb TL. Hippocampal neuron loss and memory
scores before and after temporal lobe surgery for epilepsy.
Arch Neurol:812—7.
*23. Trenerry MR, Jack Jr CR, Ivnik RJ, et al. MRI hippocampal
volumes and memory function before and after temporal
lobectomy. Neurology:1800—5.
24. Saykin AJ, Robinson LJ, Staﬁniak P, et al. Neuropsychological
changes after anterior temporal lobectomy: acute effects
on memory, language, and music. In: Bennett TL, editor.
Neuropsychology epilepsy. New York: Plenum Press; 1992.
p. 263—90.
25. Glosser G, Deutsch GK, Cole LK, Farah MJ. Investigations of
the neural substrates of face processing in temporal lobe
epilepsy patients. J Int Neuropsychol Soc 1997;3:8.
26. Samson S, Zatorre RJ. Learning and retention of melodic
and verbal information after unilateral temporal lobectomy.
Neuropsychologia 1992;30:815—26.
27. Pigott S, Milner B. Memory for different aspects of com-
plex visual scenes after unilateral temporal- or frontal-lobe
resection. Neuropsychologia 1993;31:1—15.
28. Kilpatrick C, Murrie V, Cook M, Andrews D. Degree of left
hippocampal atrophy correlates with severity of neruopsy-
chological deﬁcits. Seizure 1997;6:213—8.
29. Lee TM, Yip JTH, Jones-Gotman M. Memory deﬁcits after
resection from left or right anterior temporal lobe in hu-
mans: a meta-analytic review. Epilepsia 2002;43:283—91.
30. Cooper H, Hedges LV. The handbook of research synthesis.
New York: Russel Sage Foundation; 1994.
31. Hedges LV, Olkin I. Statistical methods for meta-analysis.
New York: Academic Press; 1985.
32. Wolf FM. Meta-analysis: quantitative methods for research
synthesis. London: Sage; 1986.
33. Cohen J. Statistical power analysis for the behavioral sci-
ences, 2nd ed. New York: Academic Press; 1988.
34. Bezeau S, Graves R. Statistical power and effect sizes of
clinical neuropsychology research. J Clin Exp Neuropsychol
2001;23:399—406.
35. Heinrichs RW, Zakzanis KK. Neurocognitive deﬁcit in
schizophrenia: a quantitative review of the evidence. Neu-
ropsychology 1998;12:426—45.
*36. Grifﬁth HR, Perlman SB, Woodard AR, et al. Preoperative
FDG-PET temporal lobe hypometabolism and verbal memory
after temporal lobectomy. Neurology:1161—5.
*37. Goldstein LH, Polkey CE. Short-term cognitive changes
after unilateral temporal lobectomy of unilateral
amygdalo-hippocampectomy for the relief of temporal lobe
epilepsy. J Neurol Neurosurg Psychiatry:135—40.
*38. Gleibner U, Helmstaedter C, Elger CE. Right hippocampal
contribution to visual memory: a presurgical and postsurgi-
cal study in patients with temporal lobe epilepsy. J Neurol
Neurosurg Psychiatry:665—9.
*39. Seidenberg M, Hermann B, Wyler AR, Davies K, Do-
han FC, Leveroni C. Neuropsychological outcome follow-
ing anterior temporal lobectomy in patients with and
without the syndrome of mesial temporal lobe epilepsy.
Neuropsychology:303—16.
40. Murtha S, Chertkow H, Beauregard M, Evans A. The neural
substrate of picture naming. J Cogn Neurosci 1999;11:399—
423.
41. Moore PM, Baker GA. Validation of the Wechsler Memory
Scale-Revised in a sample of people with intractable tem-
poral lobe epilepsy. Epilepsia 1996;37:1215—20.
42. Barr WB, Chelune GJ, Hermann BP, et al. The use of ﬁg-
ural reproduction tests as measures of nonverbal mem-
ory in epilepsy surgery candidates. J Int Neuropsychol Soc
1997;3:435—43.
43. Breier JI, Plenger PM, Castillo R. Effects of temporal lobe
epilepsy on spatial and ﬁgural aspects of memory for a com-
plex geometric ﬁgure. J Int Neuropsychol Soc 1996;2:535—
40.
44. Helmstaedter C, Pohl C, Elger C. Relations between verbal
and nonverbal memory performance: evidence of confound-
ing effects particularly in patients with right temporal lobe
epilepsy. Cortex 1995;31:345—55.
45. Abrahams S, Pickering A, Polkey CE, Morris RG. Spatial
memory deﬁcits in patients with unilateral damage to right
hippocampal formation. Neuropsychologia 1997;35:11—
24.
46. Abrahams S, Morris RG, Polkey CE, et al. Hippocampal in-
volvement in spatial and working memory: a structural MRI
analysis of patients with unilateral mesial temporal lobe
sclerosis. Brain Cognition 1999;41:39—65.
47. Plenger PM, Breier JI, Wheless JW, et al. Lateralization of
memory for music: evidence from the intracarotid sodium
amobarbital procedure. Neuropsychologia 1996;34:1015—8.
48. Zatorre RJ, Samson S. Role of the right temporal neocortex
in retention of pitch in auditory short-term memory. Brain
1991;114:2403—17.
